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Globally, about 1 in 10 people will experience a miscarriage at
some point during their childbearing years.1 These traumatic
events are associated with risk factors such as infections, fetal
chromosomal abnormalities, maternal age, and certain environ-
mental exposures.2 But their causes are often unclear, and that is
especially true for recurrent miscarriage, which is defined as two
or more pregnancy losses experienced by the same person.3
About half of all recurrent miscarriages have unknown origins,4
and a better understanding of how they occur is an important pri-
ority for maternal and child health researchers.1 Now, experimen-
tal research in Environmental Health Perspectives sheds light on
how one ubiquitous pollutant, benzo(a)pyrene [B(a)P], might ele-
vate risk for recurrent miscarriage.5

A by-product of incomplete combustion, B(a)P is a polyaro-
matic hydrocarbon (PAH) found in tobacco and wood smoke, car
exhaust, and grilled foods, among other sources.6 According to the

new study,5 maternal exposure to B(a)P increased the expression
of certain genes and proteins that may interfere with the attachment
of a very early stage embryo—called a blastocyst—to the uterine
wall. The research was led by Huidong Zhang, a professor at the
Eighth Affiliated Hospital, Sun Yat-sen University, in Shenzhen,
China.

The current experimental work builds on evidence from epide-
miological and animal studies associating BaP with higher miscar-
riage risk.7–9 During the new study, Zhang and colleagues focused
specifically on developmental effects of the ultimate metabolite
of B(a)P: benzo(a)pyrene-7,8-dihydrodiol-9,10-epoxide (BPDE).5
Previous research by this team and others showed that BPDE
inhibits the normal biology of cells called trophoblasts, which
form the outer layer of the blastocyst and give rise to the pla-
centa.10,11 For the developing embryo to establish a blood supply,
trophoblasts must first migrate to and then invade the endometrial

The new study found that BPDE, a metabolite of benzo(a)pyrene, interfered with processes involved in embryonic implantation in mice. In people, such inter-
ference could lead to miscarriage or other pregnancy complications, according to the authors. This scanning electron micrograph shows an 8-day-old human
embryo implanted in the uterus. Note: BPDE, benzo(a)pyrene-7,8-dihydrodiol-9,10-epoxide. Image: © Lennart Nilsson/Science Photo Library.
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lining of the uterus.12,13 But BPDE-exposed trophoblasts have
exhibited a diminished capacity for migration and invasion,14 “and
that increases the risk of miscarriage,” says Kelly Bakulski, an as-
sistant professor of epidemiology at the University of Michigan’s
School of Public Health in Ann Arbor, who was not involved in
the study.

Zhang and colleagues focused specifically on how BPDE dis-
rupts the activity of long noncoding RNAs (lncRNAs),5 which
have key roles in trophoblast functioning. In an earlier cell study,
the team identified 22 lncRNAs that are more active in human
trophoblasts after BPDE exposure.11 But how lncRNAs might be
involved in BPDE’s inhibition of trophoblast migration and inva-
sion was not clear.

The team used a novel lncRNA, called lnc-HZ09, that they
identified in this study.5 For the first set of experiments, they
engineered two sets of human trophoblast cell lines, one in
which lnc-HZ09 was overexpressed and another in which it
was silenced. Results showed that the cells that overexpressed
lnc-HZ09 were less able to move normally through a gel ma-
trix, “suggesting that trophoblasts with high levels of lnc-HZ09
may have similar difficulties migrating and invading into uter-
ine tissues,” Bakulski says. Furthermore, these cells contained
abnormally low levels of three proteins suspected of playing
key roles in trophoblast migration and invasion: PLD1, RAC1,
and CDC42. The cells in which lnc-HZ09 was silenced showed
“significantly greater migration and invasion,” the authors
wrote.

Next, the researchers analyzed placental tissues collected
from two groups of Chinese women: 15 who had experienced
unexplained recurrent miscarriages, and a control group of 15
who had undergone abortions. The results supported the role of
lnc-HZ09: Compared with tissues from the control group, sam-
ples collected from women who miscarried had higher lnc-HZ09
gene expression levels, as well as higher levels of PBDE-DNA
adducts, the sites where the chemical attached to DNA.

For a final experiment, the team treated pregnant mice with
B(a)P at doses of 0.05 or 2:0 mg=kg body weight to induce mis-
carriage. The researchers found that in the animals receiving the
higher dose, levels of PDL1, RAC1, and CDC42—the three pro-
teins observed in the human trophoblast cell experiment—were
lower in placental tissues.

According to the authors, the results suggest that lncHZ09
suppressed trophoblast cell migration and invasion through its
effects on the PLD1/RAC1/CDC42 pathway. “We believe that
the combination of these experiments suggests that, in humans,
B(a)P/PBDE exposure may induce miscarriage,” Zhang says.

Ping-Kun Zhou, president of the Chinese Society of Toxicology
and a professor at the Beijing Institute of RadiationMedicine, agrees
this is an interesting finding. “The molecular mechanism might be
further verified using primary trophoblast cells from villous [placen-
tal] tissues from individuals experiencing a miscarriage,” says Zhou,
who was not involved in the study. In the meantime, Zhou adds,
pregnant women should reduce their exposure to PAHs as much as
possible by, for example, avoiding smoking, supporting adoption of

clean energy, eating steamed rather than fried food, and ensuring
their gas stove vents properly.

Charles W. Schmidt, MS, is an award-winning journalist in Portland, ME, whose work
has appeared in Scientific American, Nature, Science, Discover Magazine, Undark,
The Washington Post, and many other publications.
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